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This  report  presents  the  results  of  a study  of  the  burning 
veloci  ties  of  the  methane -oxygen-argon  and  methane- oxygen-helium 
systems  at  a theoretical  adiabatic  flame  temperature  of  2000°K  and 
one  atmosphere  pressure. 

The  data  were  obtained  on  a three  -eighths  inch  diameter 
burner.  The  burning  velocities  of  the  mixtures  were  calculated  by 
the  total  area  method . 

For  the  argon  system  a maximum  value  of  Uiming  velocity  was 
found  at  an  oxygen  to  methane  ratio  of  4. 0:1.0.  For  oxygen  to 
methane  ratios  of  1. 6:1.0  to  6. 0:1.0  lifting  occurred  at  a Reynolds 
number  of  1200  and  it  was  necessary  to  decrease  the  flow  rate  to 
obtain  stable  flames. 

For  the  helium  system  the  burning  velocity  showed  a maximum 
at  an  oxygen  to  methane  ratio  of  5. 0:1.0.  It  was  found  necessary 
to  decrease  the  flow  rate  of  all  methane-oxygen-helium  mixtures  to 
obtain  stable  flames . Reynolds  numbers  for  these  flow  rates  were 
between  80  and  650. 

The  compositions  of  thirteen  mixtures  were  calculated  for  the 
me  thane-oxygen- inert  gas  system  yielding  a theoretical  adiabatic 
flame  temperature  of  2u00°K  at  me  atznosphere  pressure.  The  inert 
gas  may  be  argon,  helium  or  any  other  gas  having  the  same  molal  heat 
capacity . 

Several  mixtures  of  the  methane-oxygen -nitrogen,  20Q0eK 
system,  previously  unreported,  were  calculated  and  the  burning  velo- 
cities determined.  These  data  were  found  to  lie  within  experimental 
error  of  the  previously  determined  curve. 
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This  report  presents  the  results  of  the  work  performed 
tiie  period  January  1,  1952  to  June  30,  1953  on  "A  Study  of  the  Fun- 
damentals of  Combustion,"  jointly  sponsored  by  the  Office  of  Naval* 
Research,  Science  Division,  Power  Branch  and  by  the  Institute  of 
Gas  Technology  in  the  laboratories  of  the  Institute  of  Ga3  Technology 
at  Chicago,  Illinois. 

The  burning  velocities  of  a series  of  twelve  methane- oxygen- 
argon  mixtures,  and  twelve  methane-oxygen-helium  mixtures  were  deter- 
mined. These  mixtures  were  calculated  to  yield  a theoretical  flame 
temperature  of  2Q00°K  at  one  atmosphere  pressure.  The  methane  to 
oxygen  ratio  was  varied  from  0.78:1.0  to  11.41:1,0.  These  data  were 
obtained  on  a three-eighths  inch  diameter  tube  burner- 

Also  included  are  burning  velocities  of  three  methane  -oxygen- 
nitrogen  mixtures  at  a theoretical  adiabatic  flame  temperature  of 
2000°K.  The  compositions  of  two  me  thane -oxygen-nitrogen  mixtures 
at  2000°K  adiabatic  temperature  were  calculated  and  are  reported. 
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The  gases*  used  In  these  determinations  were  metered  sepa- 
rately through  previously  calibrated  critical  flow  orifices,  and 
were  passed  through  a mixing  "T"  to  a water  jacketed  three-eighths 
Inch  diameter  burner  tube.  The  burner  tip  was  maintained  at  room 
temperature  and  was  checked  by  a copper  cons  tan  tan  thermocouple  im- 
bedded 0.1  inch  from  the  tip. 

All  investigations  were  made  at  constant  theoretical  adia- 
batic flame  temperatures  of  2QQQ°K  and  at  a pressure  of  one  atmos- 
phere. 

The  Reynolds  number  was  maintained  at  1200  whenever  possible. 
However,  in  seme  instances  it  was  found  necessary  to  reduce  the 
flow  rate  to  obtain  a stable  flame. 

Photographs  of  the  flames  were  taken  and  enlarged  to  approxi- 
mately three  times  actual  size.  Since  the  inner  cone  heigit  was 
the  most  reproducible  measurement  which  could  be  made,  it  was  used 
to  calculate  Uin  burning  velocity  in  the  following  equation: 

yr, 

vb  “ Equatim  (i> 

burning  velocity  (ft/sec) 
velocity  of  unbumt  gas  (ft/sec) 
inner  case  height  (ft) 
burner  diameter  (ft) 


% * 
H - 

D - 


♦See  Table  I for  analyses  or  gases  used. 
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Mp&haaa-Qxygen-Argfln  ag&faan 

The  results  of  the  burning  velocity  deteiminatioas  on  the 
methane -oxygen-argon  system  at  2000°K  and  one  atmosphere  pressure 
are  listed  In  Table  II  and  presented  graphically  In  Figure  1 . The 
burner  Inlet  gas  compositions  are  given  in  Table  V.  The  equilibrium 
composition  of  the  products  are  given  in  Table  VI  and  Figures  7a 
and  7b. 

For  the  mixtures  with  oxygen  to  methane  ratios  of  1.6: 1.0  to 
5. 0:1.0  it  was  found  that  the  flame  would  blow  off  when  the  Reynolds 
number  of  the  gas  was  12  00.  The  burning  velocity  for  the  ratio  of 
6 „ 0:1.0  vaas  deteimined  at  a Reynolds  number  of  1200  and  1100.  At 
1200  the  flame  had  a tendency  to  lift  after  burning  for  a short 
time.  The  values  of  burning  velocity  for  these  two  flew  rates 
agreed  within  The  burning  velocity  for  the  oxygen  to  methane 

ratio  of  5. 0:1.0  was  determined  at  Reynolds  numbers  800  and  600. 
Agreement  between  the  two  values  was  within  1$. 

The  s toiciiiometric  mixture  had  a very  smell  range  of  sta- 
bility. between  Reynolds  numbers  of  90  and  1J>5 . A flat  flame  was 
photographed  at  a Reynolds  number  of  155.  The  wmiing  velocity  cal- 
culated at  this  Reynolds  number  was  found  to  be  low  on  the  basis  of 
the  correlations  shown  in  Figure  1.  The  same  difficulty  war  encoun- 
tered at  the  stoichiometric  mixture  for  the  methane -oxygen -nitrogen 
system. 

A maximum  burning  velocity  was  found  at  the  oxygen  to  methane 
ratio  of  4. 0:1.0  (Figure  1).  Since  at  this  ratio  it  was  necessary 

- 5 - 


to  operate  at  a Reynolds  number  of  600  to  achieve  a stable  flame, 
the  presence  of  this  maximum  may  be  the  result  of  radial  diffusion 
or  a tendency  toward  polyhedral  flame  formation.  The  lower  flew 
rate,  producing  lower  shearing  stresses,  favors  such  diffusional 
phenomena.  This  would  shift  the  temperature  from  the  calculated 
2000oK  Isotherm,  resulting  in  a different  burning  velocity.  Future 
investigations  should  determine  if  this  is  the  case. 

It  is  observed  (Figure  4)  that  in  the  methane  rich  region  the 
methane  - oxygen-argon  and  methane -oxygen -nitrogen  systems  are 
coincident . 

The  effect  of  nitric  oxide  an  burning  velocity  was  investi- 
gated by  the  addition  of  a small  amount  of  nitric  oxide  to  the 
combustible  mixture  at  oxygen  to  methane  ratios  of  8. 0:1.0  and 
9 .0:1.0.  The  burning  velocity  was  unaffected.  However,  at  the 
temperature  encountered  in  the  flame,  the  reaction 

NO  * 1/2  Na  +■  1/2  0C 

takes  place.  Due  to  this  decomposition,  the  concentration  of  nitric 
oxide  at  the  flame  front  is  expected  to  be  very  low. 

Methflne-Qxygfln-difillum  System 

The  results  of  the  burning  velocity  determination  for  the 
methane -oxygen-helium  system  are  given  in  Table  U and  Figure  2 . 

The  composition  of  the  burner  inlet  mixtures  and  the  concentration 
of  the  equilibrium  products  of  combustion  are  the  same  as  those  for 
the  argon  system  since  the  molal  heat  capacities  of  the  Inert  gases 
(argon  and  helium)  are  identical. 


To  obtain  stable  flames  it  was  necessary  to  use  very  low  flow 
rates.  The  resulting  flames  were  small  and  there  was  some  rounding 
at  the  tips . It  is  expected  that  sane  error  will  be  Introduced  when 
the  calculations  are  made  cm  the  basis  of  a right  circular  cone. 

At  the  stoichiometric  point  the  mixture  could  not  be  ignited 
at  any  flow  rate.  The  concentration  of  methane  in  the  mixture  waa 
close  to  the  lower  limit  of  combustibility  in  air  and  results  show 
that  the  method  concentration  was  below  the  combustible  limit  in 
the  mixture. 

Methane-Oxygea-Nltrogen  System 

The  curve  for  the  me  thane -oxygen-nitroge  n data  illustrated  in 
Figure  2 is  that  given  in  Report  No.  6,  this  project,  with  uwo  addi- 
tional points  at  the  oxygen  to  methane  ratios  of  4.0:lc0  and  6. 0:1.0. 
The  point  at  5. 0:1.0  was  used  as  a control.  The  results  of  the 
burning  velocity  determinations  are  given  in  Table  IV.  The  burner 
inlet  gas  compositions  and  the  equilibrium  products  of  combustion 
are  given  in  Tables  VTI  and  VIII,  respectively.  The  data  a^Tsc 
within  5-1/2*  with  that  predicted  by  the  curve  on  Figure  3. 

Elam  Xflnparaiauze  Galculfitiroa. 

It  is  possible  to  estimate  the  composition  of  a gas  mixture 
that  will  give  a theoretical  adiabatic  flame  temperature  if  the 
stoichiometric  point,  the  methane  rich  and  oxygen  rich  point  are 
calculated  and  plotted  as  in  Figure  6.  The  intermediate  points  lie 
on  approximately  straight  lines . Tables  IX  and  X show  a comparison 
of  the  calculated  and  estimated  inert  gas -methane  ratios  for  the 
me  thane-oxygen-argon  and  me  thane-oxygen -nitrogen,  2000°K,  systems, 
respectively . 
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^ 1)  Each  of  the  me  thane- oxygen -inert  gaa  systems  with  nitrogen, 

argon  and  helium  as  inerts  at  an  adiabatic  flame  temperature 
of  2000dK  and  one  atmosphere  pressure  exhibit  maximum  values. 

1 These  maxima  are  at  different  oxygen  to  methane  ratios  for 

each  system. 

2 ) The  addition  of  traces  of  nitrio  oxide  to  methane-oxygen-argon 
mixtures  does  not  affect  the  burning  velocity  of  the  mixture. 

I 3)  The  8 1 oiohi cme trie  mixture  of  methane -oxygen -helium  is  below 

the  combustible  limit. 

m&mmmimsL. 

1)  Determine  the  burning  velocity  of  the  methane-oxygen-argon 
system  at  the  adiabatic  flame  temperature  of  225 0°K.  This  msy 
indicate  whether  or  not  the  maximum  obtained  at  *he  methane  to 
oxygen  ratio  of  4. 0:1.0  (cn  the  2 000^K  isotherm)  is  due  to  a 
physical  property  of  the  specific  mixture. 

2 ) Determine  the  burning  velocity  of  the  nitrogen  and  helium  systems 
at  an  adiabatic  flame  temperature  of  2250°K  and  2500°K  uo  deter- 
mine the  effect  of  temperature  on  burning  velocity. 

>)  Correlate  burning  velocity  as  a function  of  the  transport  pro- 
perties of  the  system. 


l 

i ■ 
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AKAiySRS  OF  GASES  Hf  MASS  SP3C' 


wjw.mnu:- 


Oxygen 

Mole  $ 

0«  99.6 
Na  0.4 


Argon 

MqIp S 

A 99.9 
Na  0.1 


Helium 

Molfl 

He  100.0 


Methane., 

Mole  £ 

Cylinder  1 
(Argon  Data) 

Cylinder  2 
(Helium  Data) 

cm 

99.6 

cm 

98.8 

CoH3 

0.1 

c2h« 

0.6 

CsHs 

0,1 

CsHa 

0.3 

n2 

0.1 

Na 

0.1 

o 

o 

ID 

0.1 

COg 

0.2 

•yv 
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EXPERIMENTAL  DATA  FCR  THE  r^ETHANE  - OXYGEN -ARGON  SYSTEM 
- -----  AT  gQQQ°K.  ONE  ATMOSPHERE  PRESSURE 

Q 


0,/Cfl, 

.CPQQ^igHt  . 
Port  Diameter 

Volmetric 
Plow,  25°C 
29.92"  Hg 

UZ£Av\ 

u.  Velocity 
at  25°C 
29.92;'  Kg 
(ft/sec) 

«Re 

Reynolds 

Number 

Burning 
Velocity 
( ft/sec ) 

0.785 

4.45 

20.55 

7.56 

1200 

0.825 

0.785 

4.57 

20.55 

7.56 

1200 

0.856 

1.2 

6.25 

16.95 

6.15 

1200 

0.489 

1.2 

5.91 

16.95 

6.15 

1200 

0.517 

1.6 

5.85 

14.47 

5.24 

1050 

0.678 

1.6 

5.76 

14.47 

5.24 

1050 

0.690 

2.0 

-- 

1.86 

0.67 

155 

— 

2.0 

— 

«*■  • f / 

0C64 

150 

-- 

5.0 

1.45 

8.26 

2.99 

600 

0.98 

4.0 

1.06 

8.52 

5.01 

600 

1.29 

4.o 

1.05 

8.52 

5.01 

600 

1.52 

5.0 

1.15 

8, .58 

5.04 

600 

1.24 

5.0 

1.51 

11.18 

4.05 

800 

1.27 

6.0 

2 .60 

16.81 

6.09 

1200 

1.15 

6,0 

2.48 

15.50 

5.61 

1100 

1.11 

8.0* 

2.65 

17.25 

6.25 

1200 

1.17 

6.0 

2.57 

17.24 

6.24 

1200 

1.20 

9.0 

2.50 

17.25 

6.25 

1200 

1.22 

9.0* 

2.55 

17.56 

6.29 

1200 

1.25 

9.0 

2.51 

17.56 

6.29 

1200 

1.25 

10,0 

2,55 

17.59 

6.57 

1200 

1.24 

U.4 

2.55 

18.05 

6.55 

1200 

T OC 
**■  • *- 

•Trace  of  NO  added 
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EXPERIMENTAL  DATA  FCR  THE  MSTBANE-OXYQEN  =! 


TJVrr  TT^IJJ  WQ 
IMVWUk  ui«i  i?X 


STEM 


O./CH. 

fiope^lght 

Port  Diameter 

Q, 

Volumetric 
Flow.  25°C 
29.92"  Hg 
(ftMnrt 

u,  Velocity 
at  25  °C 
29.92Ti  Hg 
( ft/sec  } 

NRe 

Reynolds 

Number 

Burning 
Velocity 
( ft/sec' 

0.783 

4.09 

20.31 

7.36 

1200 

0.890 

0.783 

4.07 

20.31 

7.36 

1200 

0.890 

1.2 

7.40 

3.77 

1.37 

80 

0.764 

1.2 

1.73 

5.83 

2.11 

125 

0.610 

1.2 

2.76 

7.88 

2.86 

165 

0.509 

1..V 

4.27 

12.00 

4.35 

255 

0.506 

1.6 

1.61 

7.07 

2.56 

120 

0.761 

3.0 

0.633 

5.07 

1.84 

- 9 5 

1.14 

4.0 

1.96 

.8.76 

3.17 

195 

1.07 

5.0 

0.281 

8.00 

2.90 

210 

2.53 

6.0 

0.353 

8.00 

2.90 

240 

2.37 

7.0 

0.402 

8.00 

2.90 

5 80 

O \ 

« . ' 

8.0 

0.569 

8.00 

2.90 

325 

1.91 

9.0 

0.849 

10.00 

3.62 

470 

1.84 

10.0 

1.33 

12.00 

4.35 

650 

1.55 

11.4 

2.64 

18.07 

6.54 

1200 

T OO 

! 
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EXPERIMENTAL  DATA  FOR  TEE  METHANE-OKYGEN -NITROGEN  SYSTEM 

JflL&QflP°K«-  QKELASMPagBFffi  PRESSimE  


Q 


Q^fcm 

. Con^Hfllgfrt, 
Port  Diameter 

Volianetrio 
Plow,  25°C 
29.92"  Hg 
Lft3Ar-i  . 

li.  Velocity 
at  25°C 
29.92  Hg 
( ft/sec ) 

NRe 

Reynolds 

Number 

Burning 
Velocity 
( f t/sec 

4.0 

2.58 

18.20 

6.59 

1200 

1.10 

5.0 

2.70 

18.17 

6.58 

1200 

a .21 

6.0 

2.66 

18.14 

6.57 

1200 

1.21 
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TABLE  Y 


BURNS*  INLET  GAS  COMPOSITIONS  FOR  THE 
METHANE-OXYGEN -ARGON  AND  METHANE-aXYGOJ -HELIUM  SYST24S 
AT  ADIABATIC  F1AME  TEMPERATURES  OF  2000eK 
ANQ -ONE- ATMOSPHERE  PRESSURE 


Datum  Temperature:  5QO°K 


Mold  Ratio 
Oxygen  to 

Mole  Ratio 
Inert  to 

Mftthanft 

Mole 

Percent 

Met.bAnfi 

Mole 

Percent 

Qzygrei- 

45.95 

Mole 

Percent 

Inert 

0.785 

0 

56.07 

0 

1.2 

5.54 

15.26 

15.92 

70.82 

1.6 

10.58 

7.59 

12.14 

80.26 

2.0 

15.55 

5.40 

10.79 

85.81 

5.0 

14,15 

5.51 

16.52 

77.97 

4.0 

12  .42 

5.74 

22.96 

71.50 

5.0 

10.76 

5.97 

29.84 

64.19 

6.0 

9.07 

6.22 

57.54 

56.44 

7.0 

7.59 

6.50 

45.48 

48.02 

8.0 

5.71 

6.60 

54.58 

58.85 

9.0 

4.06 

7.12 

64.05 

28.85 

10.0 

2.56 

7.49 

74.86 

17.65 

11.41 

0 

8.06 

91.94 

0 

TAPS-JS  VT 


EQUILIBRIUM  COMPOSITIONS  OP  THE  PRODUCTS  FCR 
THE  METHANE  - OXYGEN -ARGON  AND  METHANE -OXYGEN -HELIUM  SYSTEMS 
AT  A THEORETICAL  ADIABATIC  PI^ME  TEMPERATURE  OF  2000°K 
m.Sm  A1MQSPUB1E  PRESSURE 


Datum  Temperature:  300°K 


Oxygen  to  Methwne  Retie 

Products 

0.763 

1.2  . 

1.6 

2.0 

3.0  _ 

COa 

0.021811 

0.027381 

0.038448 

0.051909 

0.054734 

CO 

0.311311 

0.092487 

0.035205 

0.001966 

0.000320 

HaO 

0.I67000 

0.140341 

0.123474 

0.106584 

0.109296 

A or  He 

0.000000 

0.640046 

0.778857 

0.836814 

0.779168 

o« 

0.000000 

0.000000 

0.000002 

0.001307 

0.054866 

H« 

0.498656 

0.099172 

0.023653 

0.000844 

0.000134 

0 

0.000000 

0.000000 

0.000001 

0.000026 

0.000172 

H 

0.001146 

0.000511 

0.000249 

0.000047 

0.000019 

OH 

0.000032 

0.000061 

0.000110 

0.000501 

0.001292 

Oxygen  to  Msthene  Rftt.1  n 

Products 

--JI.Q .... 

..  .1L.Q  .. 

Z*SL- 



COz 

CO 

H20 

A or  H3 

O2 

Ha 

0 

H 

OH 


0.057115 

0.000231 

0.113796 

0.712558 

0.114355 

0.000096 

0,000248 

0.000016 

0.001584 


0.059446 

O.OOOI95 

O.II8277 

0.641399 

0,178476 

0.000080 

0.000310 

0.000014 

0.001805 


0,062010 

0.000170 

0.123282 

0.563891 

0.248195 

O.OOOOia 

0.000366 

0.000014 

0.002001 


0.064747 

0.000158 

0.128634 

0.479845 

0.323938 

0.000065 

0.000418 

0.000013 

0.002184 


0.067773 

0.000145 

O.I34532 

0.387924 

0.406735 

o!oooo6o 

0.000468 

0.000013 

0.002365 


Esaducta 


■Oxygens  .to  Methane  Ratio 
SL JU-  — LSL.Q -JJUil 


COa 

r.n 

HsO 

A or  He 

Oa 

Ha 

0 

H 

OH 


0.070931 

A AAAI  1 O 
w 4 

0.140808 

0,288209 

0.496785 

0.000057 

0.000517 

0.000012 

0.002544 


0.074649 

0.148137 

0.176300 

0.597416 

0.OOOO55 

0.000567 

0.000012 

0.002732 


0.080325 

0.000126 

0.159350 

0.000000 

0.756500 

0.000052 

0.000638 

0.000011 

0.003005 


t 


» ' 


p»* 


i 
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table i 


BURNER  INLET  OAS  COMPOSITIONS  PGR  THE 
METHANE  - OXYGEN  -NITR  0G2N  SYSTEM  AT  AN  ADIABATIC 
FLAME  TEMPERATURE  OP  2000°K  AND 
ONE  A3MQaEHBBE  flBESgffiBE 


Datum  Temperature:  j500°K 


Mole  Ratio 
Oxygen  to 
Methane 

Mole  Ratio 
Nitrogen  to 
—Methane  _ 

Mole 

Percent 

Methane 

Mole  ’ 
Percent 
Oxygen- 

Mole 

Percent 

Nitrogen 

4.0 

7.71 

7.87 

51.46 

60.65 

6,0 

5.56 

7.96 

47.75 

44.29 

■«* 
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V--/. 


XABLJB  mi 


EQUILIBRIUM  COMPOSITION  OP  THE  PRODUCTS  OP 
COMBUSTION  FOR  THE  METHANE -CKYGEN -NITF OGET  SYSTEM 
AT  A THEORETICAL  ADIABATIC  FLAME  TB*Pa?ATURE  OP  2000°K 
AND  ONE  AIMUSPHERfi  PRESSURE 


& 


Datum  Temperature:  300°K 


* 


Ozygan  to  Methane  Ratio 


Prod -iota 

" ..,A»Q ,0,  ■ 

— 

COa 

0.078273 

0.079292 

CO 

0.000273 

0.000194 

HsO 

0.136050 

0.157700 

Na 

0.602512 

0.438633 

oa 

0.153795 

0.313637 

Ha 

0.000114 

0.000081 

0 

0.000288 

0.000411 

H 

0.000017 

0.C00015 

OH 

0.001997 

0.002399 

NO  . 

0.006039 

0.007358 

t 


lvr.iW-.-v. 
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TABLE  U 


COMPARISON  OP  CALCULATED  AND  ESTIMATED 
ARGON -METHANE  RATIOS  FOR  THE  N^ETKANE-QXYOEN -ARGON  SYSTEM, 


2.Q.QQ  QNE^i 


pressure 


Calculated 


Oxygen  to 
-Mfitaana.. 

Argon  to 

Mathflaa,. 

0.7855 

0.000 

1.2 

5.559 

1.6 

10.575 

2.0 

15.554 

5.0 

14.154 

4.0 

12 .425 

5.0 

10.755 

6,0 

9.068 

7.0 

7.595 

8.,0 

5.715 

9.0 

4.055 

10.0 

2.557 

11.414 

0.000 

Ea timated 
Argon  to 
Mfitbana 

Percent 

PfwlA.tlon 

5.520 

-0.556 

10.427 

-1 .399 

15.884 

.71.908 

12 .254 

-1.557 

10.584 

-1.590 

8.954 

-1.478 

7.234 

-1.474 

5.654 

-1.585 

5.984 

-1.751 

2.554 

-0.975 

Average 


-1.585 
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TAfiuri  A 


COMPARISON  OP  CALCUIATED  AND  ESTIMATED 
NITROGEN -METHANE  RATIOS  FOR  THE  METHANE-OXYGEN  NITROGEN  SYSTEM, 
£DQQCK.  ONE  ATMOSPHERE  Hfflsmra  . 


Oxygen  to 
Methane 

Calculated 
Nitrogen  to 
Methane 

Estimated 
Nitrogen  to 

Methane 

Percent 

0.7855 

0,00 

1.2 

5.561 

5.554 

-0.208 

1.6 

6.670 

6.575 

-0.142 

2.0 

9.794 

mm  mm 

— 

5.o 

8.802 

8.755 

-0.557 

4.0 

7.706 

7.715 

+0.091 

e;  n 

6.629 

6.675 

+0.664 

6.0 

5.564 

5.655 

+1.240 

7.0 

4.507 

4.592 

+1.886 

8.0 

5.565 

5.552 

+5.557 

9.0 

2.445 

2,512 

+2.824 

10.5 

0.926 

0.952 

+2.808 

11.41 

0.000 

* 
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FIG.  NO.  I 
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FIG.  1 

BURNING  VELOCITIES  OF 

THE  CH4-02-A 

SYSTEM  AT  2000°K,  ONE 
PRESSURE 

ATMOSPHERE 

PROJ.  B - 143 

SCALE 

DATE  II -11-53 

INSTITUTE  OF  GAS  TECHNOLOGY 

A-  2733 

BURNING  VELOCITY,  FPS 


P*OJ.  B-i43 


FIG.  NO.  2 


FIG.  2 - BURNING  VELOCITIES  OF  THE  CH4-02-Hs 
SYSTEM  AT  2000°K,  ONE  ATMOSPHERE 
PRESSURE 


PROJ.  9-143 
DATE  10-30-53 


INSTiTUTE  OF  GAS  TECHNOLOGY 


SCALE 
A- 2725 


BURNING  VELOCITY,  FPS 


MOLE  RATIO,  OXYGEN  TO  METHANE 

FIG  3 BURNING  VELOCITIES  OF  THE  CH4-02-N? 
SYSTEM  AT  200 0°K,  ONE  ATMOSPHERE 
PRESSURE 


PROJ.  B - 143 
DATE  11-11-53 


INSTITUTE  OF  GAS  TECHNOLOGY 


SCALE 
A-  2732 


burning  velocity,  fps 


MOLE  RATIO,  OXYGEN  TO  METHANE 

FIG.  4 COMPARISON  OF  METHANE-OXYGEN-INERT 
GAS  SYSTEMS  AT  2000°K,  ONE 
ATMOSPHERE  PRESSURE 


PROJ.  B-143 
DATE  11-10-53 


INSTITUTE  OF  GAS  TECHNOLOGY 


SCALE 
A-  2727 


PROJ. 

DATE 


B-143 

10-50-53  INSTITUTE  OF  GAS  TECHNOLOGY 


SCALE 
A- 2724 


FIG  5 -BURNER  INLET  GAS  COMPOSITIONS  FOR  THE 
CH4-02-A  AND  THE  CH4-02-He  SYSTEMS 
AT  2000°K,  ONE  ATMOSPHERE  PRESSURE 
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FIG.  6 -RATIOS  OF  THE  COMPONENTS  OF  THE 
BURNER  INLET  GAS  MIXTURES  FOR  THE 
CH4-02-A  AND  CH4-02-He  SYSTEMS  AT 
2000°K.  ONE  ATMOSPHERE  PRESSURE 
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SCALE 
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PROJ.  B - 143 
DATE  11-9-53 


MOLE  RATIO,  OXYGEN  TO  METHANE 

FIG.  7a  EQUILIBRIUM  COMPOSITION  OF  THE 
COMBUSTION  PRODUCTS  FOR  THE 
CH4-02-A  & CH4-02~He  SYSTEMS 
AT  2000°K,  ONE  ATMOSPHERE 

SCALE 

INSTITUTE  OF  GAS  TECHNOLOGY  A-  27  S 


PROJ.  B-143  FIG.  NO.  7b 


FIG.  7b  EQUILIBRIUM  COMPOSITION  OF 
THE  PRODUCTS  FOR  THE 
CH4-O2-A  a CH4-02‘HeSYSTEMS 
AT  2000%  ONE  ATMOSPHERE 
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